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57 ABSTRACT 

An ultrasonic transducer having an ultrasonic vibrator 
for transmitting and receiving ultrasonic waves, and a 
reflecting plate for imparting directivity to the ultra 
sonic waves transmitted by the ultrasonic vibrator and 
for converging the received ultrasonic waves. In the 
reflecting plate, at least one through hole is formed for 
passing snow and mud blown upon the reflecting plate 
by the wind. Each through hole is configured so as not 
to deteriorate substantially the reflective capacity of the 
plate. 

9 Claims, 9 Drawing Figures 
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ULTRASONIC TRANSDUCER 

BACKGROUND OF THE INVENTION 

2 
DETAILED DESCRIPTION OF THE 

EMBODIMENTS 

Hereinafter, the present invention will be explained in 
5 accordance with embodiments thereof with reference The present invention relates to an ultrasonic trans 

ducer which is mounted on a vehicle for detecting an 
obstacle near the vehicle or communicating with other 
vehicles. 
The ultrasonic transducer of this type comprises an 10 

ultrasonic vibrator for transmitting and receiving ultra 
sonic waves, and a reflecting plate for imparting direc 
tivity to the ultrasonic waves transmitted by the ultra 
sonic vibrator and converging the received ultrasonic 
waves. The ultrasonic transducer having such a con- 15 
struction as described above is generally mounted to a 
front bumper or rear bumper of a vehicle so that the 
reflecting plate faces the travelling direction of vehicle. 
Therefore, snow and mud carried with wind is liable 

to adhere to the reflecting plate so that the function of 20 
the ultrasonic transducer is remarkably reduced. 

SUMMARY OF THE INVENTION 

The ultrasonic transducer of the present invention is 
provided with an ultrasonic vibrator and a reflecting 
plate which is disposed in the rear of the ultrasonic 
vibrator. In the reflecting plate, at least one through 
hole is formed in the reflecting plate for discharging 
snow and mud blown upon the reflecting plate by the 30 
wind. By selecting the position and size of the through 
hole and the distance between adjacent through holes, 
snow and mud can be discharged out of the through 
hole without reducing the ultrasonic wave reflecting 
ratio of the reflecting plate. 35 
One object of the present invention is to provide an 

ultrasonic transducer suitable to be used at a position to 
which snow and mud is liable to adhere. 

Another object of the present invention is to provide 
an ultrasonic transducer comprising a reflecting plate 40 
having excellent reflecting capacity, but from which 
snow and mud blown with wind is prevented from 
adhering thereto. 

DESCRIPTION OF THE DRAWINGS 45 

FIG. 1 is a view showing the ultrasonic transducer of 
the present invention mounted to a front bumper of a 
vehicle; 
FIG. 2 is a view showing the ultrasonic transducer of 

the present invention mounted to a lower portion of a 5 
rear bumper of a vehicle; 
FIGS. 3 to 6 illustrate a first embodiment of the ultra 

sonic transducer according to the present invention; 
FIG. 3 is a front view of the first embodiment; 
FIG. 4 is a sectional view taken along the line 

IV-IV of FIG. 3; 
FIG. 5 is a sectional view taken along the line V-V 

of FIG. 3; 
FIG. 6 is a view showing the relation among the slit 60 

width, the slit distance and the gain loss; 
FIG. 7 is a front view of a second embodiment; 
FIGS. 8 and 9 illustrate a third embodiment of the 

ultrasonic transducer according to the present inven 
tion; 65 
FIG. 8 is a front view of the third embodiment; and 
FIG. 9 is a sectional view taken along the line IX-IX 

Of FIG, 8. 

25 

55 

to the accompanying drawings. 
As shown in FIGS. 1 and 2, the ultrasonic transducer 

1 of the present invention is mounted to a front bumper 
A or the lower portion of a rear bumper B of a vehicle. 
FIGS. 3 to 5 illustrate a first embodiment of the pres 

ent invention. 
A housing 11 of the ultrasonic transducer 1 is made of 

synthetic resin or metal. Into the central portion of a top 
wall 11a, a casing 3 made of rubber is closely inserted. 
An ultrasonic vibrator 2 is accommodated within the 
front portion of the casing 3 so as to obliquely face 
rearwards. The electric signal generated by the ultra 
sonic vibrator 2 is fed out of the ultrasonic transducer 1 
by way of a lead wire 2a through a connector 4 pro 
vided on the rear end surface of the casing 3. 
The opposed inner surfaces of side walls 11b of the 

housing 11 incline and the thickness of the side walls 
11b increases rearwards. Between the rear end portions 
of the side walls 11b, a reflecting plate 5 provided with 
a plurality of parallel slits 5b which are arranged at 
predetermined distances, is provided. 

In this embodiment, the reflecting plate 5 is formed 
by arranging a plurality of strip-shaped plates 51, each 
of which has a width of 11, in parallel with one another 
so as to be spaced from one another by a predetermined 
distance (slit width) of 12, and connecting the plates 51 
by means of round rods 6 which extend between the 
opposed side walls 11b. 
The slit width 12 between adjacent strip-shaped plates 

51 is maintained by means of collars 52 which are in 
stalled around the round rods 6. 
The reflecting plate 5 is made of the same synthetic 

resin or metal as the housing 11. 
The front surface of the reflecting plate 5, namely the 

reflecting surface 5a, is formed into a concave parabo 
loidal surface and the ultrasonic vibrator 2 faces 
towards the paraboloidal surface and is positioned at a 
focus thereof. 

In operation, when an electric signal is supplied to the 
ultrasonic vibrator 2 of the ultrasonic transducer 1 hav 
ing the above described structure, by way of the lead 
wire 2a through the connector 4, the ultrasonic vibrator 
2 generates ultrasonic waves. The ultrasonic waves 
from the ultrasonic vibrator 2 are reflected on the re 
flecting surface 5a of the reflecting plate 5 and directed 
in the horizontal direction as shown by an arrow in 
F.G. 4. 
The ultrasonic wave entering toward the reflecting 

plate 5 in the horizontal direction is reflected on the 
reflecting surface 5a and converged on the ultrasonic 
vibrator 2. The converged ultrasonic wave is converted 
into an electric signal and is fed out of the transducer 1 
by way of the lead wire 2a through the connector 4. 
According to the ultrasonic transducer of this em 

bodiment, when wind containing snow or mud is blown 
against the reflecting plate 5, the wind flows through 
the slits 5b formed in the reflecting plate 5. Therefore, 
most of snow and mud passes through the slits 5b with 
the wind so that the adhesion of snow and mud to the 
reflecting surface 5a is remarkably reduced to prevent 
the function of the reflecting plate 5 from worsening. 

In particular, fine particles of snow and rain almost 
pass through the slits 5b with the wind. 
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FIG. 6 shows experimental results in the relation 
among the slit width 12, the slit distance (plate width) 11 
and the reflecting capacity ( gain loss ). The line ti 
shows the case when the slit distance 11 is 5 mm while 
the line t2 shows the case when the slit distance l is 1 5 
mm. And the paraboloidal shape of the reflecting sur 
face 5a of the reflecting plate 5 is expressed by the 
equation: y = 120 xx2. 
As is apparent from FIG. 6, when the slit distance 11 

is 5 mm (line t1), as the slit width l? increases, the reflect- 10 
ing capacity is reduced but the reduction ratio is very 
small. 

If the allowed gain loss is 2 dB, the slit width l can be 
made as wide as 1.2 mm. 

In contrast, when the slit distance 1 is 1 mm (line t2), 15 
as the slit width la increases, the gain loss remarkably 
increases. 
When the slit width l? is too small, snow and mud 

cannot pass through the slits. Therefore, the slit width 
l2 of not less than 0.5 mm is required. 2O 
Thus, the reflecting plate having a slit distancel of 

mm and a slit width l of not less than 0.5 mm, exhibits 
low reflecting efficiency so as not to be practically used. 

In order to maintain the gain loss at not more than 2 
dB and prevent snow and mud from adhering to the 25 
reflecting plate, it is preferable to set the slit width l2 to 
0.5 - 1.5 mm and the slit distance 1 to 4-6 mm. 

If a large value of slit width l? is selected, it is prefera 
ble to select a large value for slit distance 11. 
When the slit distance 1 exceeds 6 mm, adhesion of 30 

snow and mud increases, even if the slit width l? is made 
large. 
As described above, according to the present inven 

tion, by forming a large number of slits in the reflecting 
plate of the ultrasonic transducer so as not to reduce the 35 
reflecting function thereof, the wind passes through the 
slits to prevent snow and mud from adhering to the 
reflecting plate. 
FIG. 7 illustrates a second embodiment of the ultra 

sonic transducer according to the present invention. In 40 
the reflecting plate 5, a large number of circular small 
holes 5c are formed at predetermined distances l3. 

In order to maintain the gain loss at the level nearly 
equal to that of the first embodiment, and to prevent the 
adhesion of snow and mud, it is preferable to set the 45 
diameter of the small holes to 3 - 6 mm and set the 
distance 13 of the small holes to 10 - 15 mm. 
FIGS. 8 and 9 illustrate a third embodiment of the 

present invention. In this embodiment, a through hole is 
formed in such a region of the reflecting plate as not to 50 
reflect ultrasonic wave to be received by the ultrasonic 
vibrator 2. 
Namely, in FIG. 9, only the ultrasonic waves enter 

ing in the horizontal direction from the right reach the 
vibrator 2. The ultrasonic waves reflected on the upper 55 
portion of the reflecting plate 5 do not reach the ultra 
sonic vibrator 2. In this embodiment, in the upper por 
tion of the reflecting plate 5, a through hole 5d is 
formed. The wind blowing on the reflecting plate 5 rises 
along the reflecting surface 5a and then rapidly passes 60 
rearwards through the through hole 5d. Therefore, 
snow and mud carried by wind do not adhere to the 
reflecting surface 5a. In addition, since the through hole 
is formed in such a region as not to act as a reflecting 
plate, the ultrasonic wave converging capacity is not 65 
reduced. It is preferable to make the size of the through 
hole larger within such a region in order to improve the 
effect of preventing the adhesion of snow and mud. 

4 
As described above, according to the present inven 

tion, by making the wind mixed with snow or mud pass 
through the through hole formed in the reflecting plate 
of the ultrasonic transducer without staying in the re 
flecting plate, the adhesion of snow and mud to the 
reflecting plate can be prevented so that the ultrasonic 
transducer can be used under bad weather conditions. 
What is claimed is: 
1. An ultrasonic transducer comprising: 
an ultrasonic vibrator for transmitting and receiving 

ultrasonic waves; and 
a reflecting plate having a reflecting surface for re 

flecting said ultrasonic waves, said reflecting plate 
being provided with at least one through hole for 
passing snow and mud blown against the reflecting 
plate, said at least one hole being so configured as 
to leave the reflective capacity of said plate sub 
stantially unaffected. 

2. An ultrasonic transducer according to claim 1, 
wherein: 

said at least one through hole is composed of a large 
number of slits formed in said reflecting plate. 

3. An ultrasonic transducer according to claim 2, 
wherein: 

said slits are formed in parallel with one another; 
the width of each slit is not less than 0.5 mm and not 
more than 1.5 mm; and 

the distance between adjacent slits is not less than 4 
mm and not more than 6 mm. 

4. An ultrasonic transducer according to claim 1, 
wherein: 

said at least one through hole is composed of a large 
number of disconnected small holes. 

5. An ultrasonic transducer according to claim 4, 
wherein: 

the diameter of said small holes is not less than 3 mm 
and not more than 6 mm; and 

the distance between the centers of adjacent small 
holes is not less than 10 mm and not more than 15 

6. An ultrasonic transducer according to claim 1, 
wherein: 

said at least one through hole is composed of one 
through hole which is formed in an upper region of 
said reflecting plate. 

7. An ultrasonic transducer comprising: 
an ultrasonic vibrator for transmitting and receiving 

ultrasonic waves; and 
a reflecting plate having a reflecting surface for re 

flecting said ultrasonic waves transmitted and re 
ceived by said ultrasonic vibrator, said plate having 
a plurality of through holes for passing snow and 
mud blown against said reflecting plate, said holes 
being so configured as to leave the reflective ca 
pacity of said plate substantially unaffected. 

8. An ultrasonic transducer according to claim 7 
wherein said plurality of through holes include a plural 
ity of parallel slits, each slit having a width greater or 
equal to 0.5 mm and less than or equal to 1.5 mm, a 
distance between adjacent slits being greater than or 
equal to 4 mm and less than or equal to 6 mm. 

9. An ultrasonic transducer according to claim 7 
wherein said plurality of through holes include a plural 
ity of substantially circular holes wherein each said hole 
has a diameter greater than or equal to 3 mm and less 
than or equal to 6 mm, a distance between centers of 
adjacent holes being greater than or equal to 10 mm and 
less than or equal to 15 mm. 
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